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(57) ABSTRACT 

We describe power control techniques foran document reader 
with an electrophoretic display. In embodiments the docu 
ment reader comprises a main processor to display informa 
tion and at least one secondary processor to detect, say, a user 
input gesture; a battery to provide power to both processors; 
and a controllable switch coupled between said battery and 
said main processor and having a control line coupled to said 
secondary processor, to Switch power from said battery to 
said main processor while said secondary processor is pow 
ered. In embodiments a power consumption measured in 
months is desired so that rather than put the main processor 
into a standby mode power to the main processor is Switched 
off entirely but the system is arranged to be able to start-up 
quickly from this configuration. 

12 Claims, 4 Drawing Sheets 
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1. 

ELECTRONIC DOCUMENT READING 
DEVICE 

FIELD OF THE INVENTION 

This invention relates to electronic document reading 
devices, and more particularly to architectures for Such 
devices to reduce power consumption, and to related meth 
ods. 

BACKGROUND TO THE INVENTION 

We have previously described a form of electronic book in 
our earlier applications PCT/GB2006/050235 and GB 
0702347.6, hereby incorporated by reference. 

Background prior art relating to electronic document read 
ing devices can be found in U.S. Pat. No. 6,124,851, US2004/ 
0201633, US2006/0133664, US2006/0125802, US2006/ 
0139308, US2006/0077190, US2005/0260551, U.S. Pat. No. 
6,124,851, U.S. Pat. No. 6,021,306, US2005/0151742, and 
US2006/01 19615. Examples of electronic document reading 
devices are the Iliad Ilex(R), the Amazon Kindle(R) and the 
Sony(R) Reader. Further background prior art can be found in: 
US2007/0028086, US2007/01 15258, and U.S. Pat. No. 
7,058,829. 
An electronic document reading device with a non-vola 

tile, in particular electrophoretic display can potentially offer 
reduced power consumption since power may be removed 
from the display whilst retaining a displayed image of a page 
or the like. Howeverthere remains a need to reduce the overall 
power consumption of Such a device. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is there 
fore provided an electronic document reading device with an 
electrophoretic display, the electronic document reading 
device comprising: a main processor to control display of 
information on said display; and a secondary processor to 
process data from one or more user input devices, said sec 
ondary processor being coupled to said main processor, a 
battery to provide power to said main processor and to said 
secondary processor, and a first controllable Switch coupled 
between said battery and said main processor and having a 
control line coupled to said secondary processor, said first 
controllable switch being configured to switch power from 
said battery to said main processor whilst said secondary 
processor is powered; and wherein, in an operational mode; 
said secondary processor is configured to detect a user input 
and, responsive to said detection, to control said Switch to turn 
on a power Supply from said battery to said main processor; 
said main processor is configured to perform a cold boot 
responsive to said turning on of said power and then to per 
form an action in accordance with said detected user input, 
and wherein said electronic document reading device is con 
figured to control said controllable switch to turn off said 
power Supply to said main processor after said action has been 
performed. 

In embodiments of the device the power to the main pro 
cessor is entirely removed since it is been found experimen 
tally that even leakage current through the processor can bean 
unacceptable power drain in a system for which a power 
consumption measured in months is desired. Thus when at 
least one of the secondary processors detects user input, for 
example a gesture, the main processor is turned on and per 
forms a cold boot, performs an action in accordance with the 
detected user input and then turns off its power supply after 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
the action has been performed. In preferred embodiments the 
system is arranged to be able to start-up quickly from this 
configuration to enable a fast response to user commands, as 
described in more detail below. The skilled person will under 
stand that in general the processors will be configured to 
perform their various functions by way of processor control 
code stored in non-volatile RAM or ROM. 

In some preferred implementations of the reading device 
the display driver has associated memory which includes a 
memory to store data representing a current state of the elec 
trophoretic display, to track a current state of the display even 
when the device is switched off. In some preferred implemen 
tations this memory is implemented as low power DRAM 
(Dynamic Random Access Memory), for example of the type 
used in mobile phones. 
The skilled person will understand that the memory asso 

ciated with the display driver may physically be configured in 
a number of different ways provided that at least part of the 
memory (the part storing data representing a current state of 
the electrophoretic display) has a separately switchable 
power Supply. In embodiments in the display memory com 
prise separately powered blocks of memory within a single, 
contiguous memory space. 
Some preferred embodiments of the power management 

architecture include a further controllable switch coupled 
between the battery and the first controllable switch. This 
further (main) controllable switch in embodiments switches 
power to the secondary processor and to the memory associ 
ated with a display driver, more particularly to the part of the 
memory storing data representing a current state of the elec 
trophoretic display. This switch may be employed to imple 
ment one or more of a number of functions including a "bat 
tery save function. In embodiments, the main processor 
controls the further switch (optionally via the secondary pro 
cessor) to switch the entire device off in the event that a 
rechargeable battery powering the device is in danger of being 
damaged by becoming over-discharged. The further control 
lable switch may be controlled ON in response to detection of 
a connection to a USB (Universal Serial Bus) at a port of the 
device, by detecting a power input at the USB port (depending 
upon the configuration of the power Supply to the secondary 
processor, optionally via the secondary processor). The fur 
ther controllable switch may also be controlled ON, for 
example, by (wired or wireless) connection of a battery 
charger. It will be appreciated that the further controllable 
switch may be controlled in a variety of different ways. 

In some preferred embodiments of the device the second 
ary processor is configured to inform the main processor of 
the reason for this processor being started up when power is 
applied to the main processor So that it performs its cold boot. 
More particularly the secondary processor informs the main 
processor when the device is to performan ab initio startup of 
the device, initialising memory, the operating system and 
various system components, and when the main processor is 
to perform an alternative cold boot process. In the latter case, 
data provided by the secondary processor instructs the main 
processor to perform a user-requested action or other cold 
boot wake-up such as a USB wake-up or Bluetooth R) wake 
up. Thus in embodiments of the system at least two different 
forms of cold boot are implemented by the main processor, 
depending upon the previous state or use of the device when 
the main processor is cold booted. 

In embodiments different actions are performed by sepa 
rately loadable computer program code modules, selectively 
loaded following said cold boot. In general, a user-requested 
action Such as a page turn action will cause the main processor 
to load only a limited portion of the operating environment of 
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the device whereas other types of cold boot may cause the 
main processor to load up more of the operating system, 
optionally substantially the complete operating system, and/ 
or to initialise a communication procedure with an external 
document Supplying computer system. 

In embodiments of the device when the main processor is 
shut down, for example after a timeout, the power is removed 
from the main processor after prior notification and waiting 
for the main processor to enter a state in which it is ready to be 
powered down. In particular the processor is shut down when 
it is no longer writing to Flash memory or performing another 
background function Such as rendering. 

Preferably the one or more user input devices include one 
or more further processors, each coupled to the secondary 
processor, to receive and process data from a plurality of 
touch sensors on the device, for example arranged around the 
perimeter of the display. In preferred embodiments such a 
further processor is responsive to a gesture made on the touch 
sensitive part of the device. Thus in embodiments the further 
processor comprises a gesture processor which interprets a 
gesture and provides gesture interpretation data to the sec 
ondary processor, for control of the device. In embodiments 
the gesture includes at least a page turn gesture. 

In embodiments on receipt of a touch, more particularly 
gesture, input the secondary processor controls the main pro 
cessor to perform a cold boot with a limited portion of the 
operating environment Such that the cold boot is performed 
very rapidly, preferably less than one second, more preferably 
less than 500 ms or less than 200 ms. The main processor then 
identifies (in this example), a next page to display and loads 
image data for a part or all of the page from non-volatile 
memory (for example Flash memory) for display on the non 
Volatile display. Storing the page data as an image Substan 
tially reduces the amount of processing required and, in 
embodiments. 

In embodiments the information for display is written to 
the memory associated with the display driver, as described 
above. Once the information is displayed on the electro 
phoretic display, and after the part of the memory storing data 
representing a current state of the electrophoretic display has 
been updated, because the display is permanent and because 
the current state of the electrophoretic display has been 
stored, power to the entire main processing system including 
the display power supply and driver (but not the part of the 
memory storing data representing a current state of the elec 
trophoretic display) can be switched off by control of the first 
controllable switch. In embodiments this switch is controlled 
by the secondary processor and may be switched off, for 
example, after delaying for a period in case there are any 
further user gestures or actions input. In embodiments the 
current display state may be saved in non-volatile memory 
rather than in powered DRAM, in which case power may be 
switched off to all the display driver's memory. 
The skilled person will appreciate that embodiments of the 

device are thus able to provide a combination of both 
extremely low power for example, a battery lifetime mea 
Sured in months—and a fast response to user commands. 

In a related aspect the invention provides an electronic 
document reading device having a non-volatile display, the 
device comprising: a battery to provide power for said elec 
tronic document reading device, a main processor for con 
trolling display of information on said device; a display con 
troller coupled to said main processor and to said non-volatile 
display; volatile display memory coupled to one or both of 
said main processor and said display controller, said display 
memory being configured as a plurality of memory blocks, at 
least one of said memory blocks for storing data representing 
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4 
a state of said electrophoretic display; a secondary processor 
to provide a user interface to said device; a first controllable 
Switch connected for control by said secondary processor, to 
Switch power from said battery to said main processor, to said 
display controller and to said display memory; a second con 
trollable switch coupled in series between said battery and 
said first controllable switch; and wherein said secondary 
processor and said at least one memory block for storing said 
data representing a state of said electrophoretic display are 
configured to be powered from a connection between said 
first and second controllable switches. 
The invention further provides a method of operating an 

electronic document reading device with a non-volatile dis 
play, the method comprising: using a secondary processor to 
detect a touch sensor input from a user of said device, said 
touch sensor input identifying an action said user wishes the 
device to perform; controlling, using said secondary proces 
Sor, a power Supply to a main processor of said device from an 
off state in which all power is removed from said main pro 
cessor to a state in which power is applied to said main 
processor, in response to said touch sensor input detection; 
allowing said main processor to perform said action; and then 
controlling said power Supply to said main processor back to 
said off state to remove all power from said main processor. 

In embodiments of the method, in particular where a 
rechargeable battery is employed, a power Supply to the entire 
device, including the secondary processor may be switched 
off in response to a detected state of the battery. The second 
ary processor may, when power is reapplied, determine that 
this has taken place and then instruct or provide data to the 
main processor to perform a different type of cold boot from 
that employed when power to the secondary processor has 
been maintained, in particular to perform initialisation of the 
document reading device. 

Features of the above described aspects and embodiments 
of the invention may be combined in any combination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the invention will now be further 
described by way of example only, with reference to the 
accompanying figures in which: 

FIGS. 1a to 1c show, respectively, a front, display face 
view, a rear view, and a vertical cross-section view of an 
electronic document reading device; 

FIGS. 2a to 2c show, respectively, a detailed vertical cross 
section through a display portion of the device of FIG. 1, a 
device having a border comprising touch sensitive elements, 
and a cross section through the edge of the device for FIG.2b: 
and 

FIGS. 3a and 3b show, respectively, a block diagram of a 
power management system for electronic document reading 
device according to an embodiment of the invention, and a 
flow diagram of a cold boot procedure employed by the power 
management system of FIG.3a. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1a to 1c, these schematically illustrate 
an electronic document reading device 10 having a front 
display face 12 and a rear face 14. As can be seen from FIG. 
1c, in preferred embodiments the display surface 12 is sub 
stantially flat to the edges of the device and, in particular, 
lacks a display bezel. However in embodiments described 
later it will be seen that the electronic (electrophoretic) dis 
play does not extend right to the edges of the display Surface 
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12, and rigid control electronics are incorporated around the 
edges of the electronic display, this approach reducing the 
overall thickness of the device and thus facilitating flex 
tolerance, at the expense of making the overall area of the 
device slightly larger. 

Referring now to FIG. 2, this illustrates a vertical cross 
section through a display region of the device between the 
frame members 16. The drawing is not to scale. 
As can be seen, in preferred embodiments the device has a 

substantially transparent front panel 100, for example made 
of Perspex R, which acts as a structural member. The active 
matrix pixel driver circuitry layer 106 may comprise an array 
of organic or inorganic thin film transistors as disclosed, for 
example, in WOO1/47045. Sucha front panel is not necessary 
and sufficient physical stiffness could be provided, for 
example, by the substrate 108 optionally in combination with 
one or both of the moisture barriers 102,110. 
The illustrated example of the structure comprises a sub 

strate 108, typically of plastic such as PET (polyethylene 
terephthalate) on which is fabricated a thin layer 106 of 
organic active matrix pixel driver circuitry. Attached over 
this, for example by adhesive, is an electrophoretic display 
104, although alternative display media Such as an organic 
LED display medium or liquid-crystal display medium may 
also be used. A moisture barrier 102 is provided over the 
electronic display 104, for example of polyethylene and/or 
AclarTM., a fluoropolymer (polychlorotrifluoroethylene 
PCTFE). A moisture barrier 110 is also preferably provided 
under substrate 108; since this moisture barrier does not need 
to be transparent preferably moisture barrier 110 incorporates 
a metallic moisture barrier Such as a layer of aluminium foil. 
This allows the moisture barrier to be thinner, hence enhanc 
ing overall flexibility. 

Approximate example thicknesses for the layers are as 
follows: 100 um for moisture barrier 110, 200 um for sub 
strate 108, 5-6 um for active layer 106, 190 um for display 
104, and 200 um for moisture barrier 102. The set of layers 
102-110 form an encapsulated electronic display 112; pref 
erably this is bonded, for example by adhesive, to a transpar 
ent display panel 100. The front panel 100 may have a thick 
ness in the range 0.5-2 mm, for example approximately 1 mm. 

Surprisingly it has been found that the presence of the front 
panel 100 has little effect on the overall visual appearance of 
the display, in particular the contrastratio. It is speculated that 
this is because although whites become slightly greyer, black 
becomes slightly blacker. 

In embodiments, the electronic document reader com 
prises connectors located along an edge of the device to 
enable the device to be connected to other electronic devices, 
such as a laptop or desktop computer, a PDA (Personal Digital 
Assistant), a mobile phone or Smart phone, or other Such 
devices. A USB (universal serial bus) or similar connector is, 
for example, provided. However, in embodiments, the elec 
tronic document reader may additionally or alternatively be 
provided with wireless interfaces (for example a infrared or 
BluetoothTM or other such interfaces). Such connections 
enable documents to be transferred to and from the electronic 
document reader. 
The device may also include a number of user controls for 

selecting documents and/or pages, turning pages forward and 
back and the like. In embodiments, the border around the 
active display comprises touch sensitive elements as shown 
for example in FIG. 2b. However in other embodiments the 
display may be touch sensitive, for example as described in 
our co-pending international patent application PCT/ 
GB2006/050220 hereby incorporated by reference in its 
entirety. Such sensors may include capacitive sensors or resis 
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6 
tive touch sensors. The aforementioned patent application 
describes an arrangement in which a touch-screen component 
is positioned below the display, but which is nonetheless 
operable from the front, display surface, in particular by 
laminating the display medium and display backplane over a 
resistive touch-screen (using a pressure sensitive adhesive). 
However the skilled person will appreciate that otherforms of 
touch-screen technology may additionally or alternatively be 
employed. In such embodiments, documents may be elec 
tronically “marked-up', with mark-up data being written to or 
being associated with the electronic document being dis 
played. 
As mentioned above, embodiments may have a border 

comprising touch sensitive elements 400, as shown for 
example in FIG.2b. Such elements may provide a number of 
user controls for selecting documents and/or pages, turning 
pages forward and back and the like. The touch sensitive 
elements may be arranged around one or more of the borders 
of the device. The touch sensors may be arranged such that 
location agnostic gestures are enabled, wherein a user may 
perform the same gesture at any point around the border to 
produce the same result, is particular independent of orienta 
tion (portrait or landscape) of the device. 

FIG.2c shows a cross section through the edge of a device. 
To form such touch sensors, a conductive layer 400 of the 
touch sensor is patterned on the underside of the border 122. 
The upper conductive layer is patterned to produce a sensor 
array, which is formed of a design so as to enable touch 
sensitive gestures to be provided, both in a horizontal and 
Vertical direction. The upper conductive layer may be a con 
ductive polymer or preferably a metallic layer, such as, but not 
limited to copper, nickel, gold or silver or alternatively a 
printable metal. The conductive layer maybe deposited using 
techniques such as vacuum deposition, electroplating and 
printing techniques, such as screen printing. 
An insulator material layer is then deposited over the upper 

conductive layer, by techniques such as but not limited to, 
spray or blade coating or printing techniques. A lower con 
ductive layer is then deposited over the dielectric layer and 
patterned, as above. The lower conductive layer forms the 
ground plane and may also form the tracking plane. Alterna 
tively, a separate conductive layer may be deposited and 
patterned as above to form the tracking plane, separated from 
the adjacent conductive layer by a further layer of dielectric 
material. 

Via hole interconnects are formed between the sensor array 
and the tracking plane, in order to connect these two layers 
electrically. The tracking plane is then in turn connected to the 
electronics of the device. There are several ways that the 
connection may be formed between the upper conductive 
layer and the electronics of the device. Such connections may 
be formed mechanically, with the aid of an adhesive or 
through a welding process. 
As mentioned above, in preferred embodiments the display 

medium is a reflective display medium, in particular an elec 
trophoretic display medium and the backplane comprises a 
flexible substrate such as PET or PEN (polyethylene naph 
thalene). Preferably the backplane is fabricated using solu 
tion-based transistors preferably patterned by techniques 
Such as direct-write printing, laser ablation or photolithogra 
phy. Further details can be found in the applicant’s earlier 
patent applications, including, in particular, WO 01/47045, 
WO 2004/070466, WO 01/47043, WO 2006/059162, WO 
2006/056808, WO 2006/061658, WO 2006/106365 and 
PCT/GB2006/050265, all hereby incorporated by reference 
in their entirety. 
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Power Supply Management 
Referring now to FIG.3a, this shows the embodiment of a 

power management architecture 500 for an electronic docu 
ment reading device incorporating an electrophoretic display 
32. 
The electronic document reading device includes one or 

more user input devices for receiving user control commands; 
these may comprise one or more conventional buttons or 
switches but in preferred embodiments the display is pro 
vided with a touch sensitive border 400, as previously 
described. This enables the user to control the device through 
touch and/or gesture; in embodiments no power on/off Switch 
or control is needed. In preferred embodiments data from the 
touch sensitive border is processed by one or more dedicated 
processors 502a-d, in embodiments PSoC(R) microcontroller 
devices available for example from Cypress Semiconductor 
Corporation. Each of these provides an input to a further 
processor 504, in embodiments an AVR mega48 device from 
Atmel (Registered Trade Mark) Corp, which includes on-chip 
Flash, RAM, and EEPROM. Processor 504 processes data 
from the touch sensitive part of the display and provides 
control information to a main CPU (Central Processing Unit) 
512 of the electronic document reading device via a bi-direc 
tional serial bus US522. Processor 504 also provides a num 
ber of power control functions, as described in more detail 
later. 

Power for the electronic document reading device is pro 
vided from a rechargeable battery 508, for example a 3 volt 
lithium battery, via a main switch 506 which switches power 
on and off to the entire device. The Switch 506 has at least one 
control input for controlling the Switch on and off and in 
embodiments comprises a low-on-resistance CMOS switch, 
more generally a solid state switch such as a MOS-FET 
switch. A first power supply bus 507 provides the switched 
power from the main switch a secondary, CPU power switch 
510, again comprising a controllable CMOS switch, which in 
turn provides power to a second, switched power bus 511. 

The electronic document reading device includes a main 
CPU 512, for example an ARM (Registered Trade Mark) 
device having a bus 512a coupling the device to NAND Flash 
524, SD RAM 526, a Bluetooth interface 528, and a USB 
interface 530 as well as, optionally, to other peripheral 
devices. bus 512a also couples the main CPU 512 to a display 
controller at 514, for example implemented as an FPGA 
(Field Programmable Gate Array) or ASIC (Application Spe 
cific Integrated Circuit), which in turn drives display 32. In 
embodiments the CPU and display controller are imple 
mented on a single chip for example using a customisable 
microcontroller such as an Atmel CAP 9 series, the display 
controller being implemented using an on-chip program 
mable block. In the illustrated example, a pressure sensitive 
sheet 520 (optional) is provided behind display 32 to enable a 
user to write on the display with a stylus; in the illustrated 
embodiment pressure sheet 520 provides an input to display 
controller 514 which processes this data and provides it to the 
main CPU 512. The display 32 has a dedicated display power 
supply unit 518 to provide the relatively high voltages used to 
drive the electrophoretic display from the battery 508; these 
may be of order tens of volts. In the illustrated embodiment 
the display controller 514 is coupled to dynamic RAM 516 
comprising blocks of memory at least one of which has its 
own, separate power supply. The DRAM 516 stores data for 
display controller 514 and has a portion for storing data 
representing a current state of the electrophoretic display 
which has a separately switchable power supply; memory 516 
may physically comprise either a single memory device or 
multiple separate memory devices. 
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8 
In FIG. 3a power supply rails are shown with triangular 

arrow heads and signal/control lines are shown using arrow 
heads with a slightly indented rear. Thus it can be seen that 
power bus 511, as well as providing a power to the main CPU 
512, also provides a power supply to memory elements 524, 
526, peripheral devices 528,530, to the display controller 514 
and display power supply 518, and to part of the display 
memory 516 not including the portion for storing data repre 
senting a current state of the electrophoretic display. The 
main power supply bus 507 provides power to the portion of 
memory storing data representing a current state of the elec 
trophoretic display, to processors 502a-d and processor 504 
(which provide touch-sense and power management func 
tions). This power Supply bus also provides a second power 
supply to Bluetooth interface 528. A charger 532 has a wired 
or wireless external power input and operates to charge bat 
tery 508, as well as providing a battery status sense function 
and a low battery output signal to the main CPU 512 (in other 
embodiments such a battery status sense function may be 
provided in different ways). The charger 523 also provides a 
recharge detect signal, as illustrated to main switch 506, but in 
other embodiments this may be configured differently, for 
example to provide a signal to process 504. 

Broadly speaking, in operation processor 504 controls the 
CPU power switch 510 to switch on and off power to the main 
CPU, the CPU memory and peripherals, the display RAM, 
display controller and display power Supply only when it is 
needed for example in response to a user request for a page 
term. The inventors have ascertained that merely operating 
the main CPU 512 in a reduced power, standby state is not 
sufficient to provide the desired battery life, which is prefer 
ably of order months, since even the leakage current through 
the CPU is unacceptably high. Thus rather than put the main 
CPU 512 into a standby state, the power supply is entirely 
removed from the CPU and from as many of its associated 
elements as possible. However, to enable the system to drive 
the electrophoretic display 32 when it restarts a power supply 
is maintained to the part of DRAM 516 storing data repre 
senting a current state of the electrophoretic display, this part 
of the memory maintaining a record of the state of each pixel 
of the electrophoretic display. 

Although it is preferable to store the current state of each 
pixel in memory which retains this data even when power to 
the CPU 512 is removed this is not essential because, for 
example, when the main CPU 512 starts up it could reset the 
entire display to a known state, for example all black or all 
white. However, because power to the entire CPU is turned 
off, when the power is re-applied the main CPU by definition 
performs a cold boot which is potentially a slow process. It is 
therefore preferable to minimise the delay between re-apply 
ing power to the CPU and performing the desired user action, 
and storing a current state for each pixel of the display helps 
to achieve this. When the desired user action has been per 
formed, because the processor performs a cold boot in 
response to the user action, if desired the power to the CPU 
can simply be removed without prior notification to the 
CPU that is a handshaking process requesting power down 
and having the CPU acknowledged that a power down can 
take place is, in embodiments, not necessary. 

In the illustrated embodiment, elements of the system 
which are not powered down by the CPU power switch 510 
are the secondary processor 504 (since this controls Switching 
on and off of switch 510) and where (as in preferred embodi 
ments) the electronic document reading devices touch/ges 
ture sensitive, power is also maintained to the touch/gesture 
processors 502 so that the document reading device remains 
sensitive to a user touch/gesture when the main CPU is 
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switched off. Alternatively, however, processor 504 may have 
one or more inputs from buttons or switches on the device to 
enable the main CPU to be restarted. 
When the CPU power switch 510 is off preferably power is 

still applied to the BluetoothR) interface 528 so that, in 
embodiments, the Bluetooth R) system has two power Sup 
plies, one to power the main Bluetooth system and a second, 
derived from bus 507, to provide a minimal amount of power 
to the Bluetooth system to provide a Bluetooth sniffing 
function powering on a receiver at intervals to check whether 
a Bluetooth-compatible signal is locally present. The Blue 
tooth system 528 provides a signal to processor 504 when a 
Bluetooth compatible RF signal is detected and processor 504 
can then control switch510 to switch the main CPU on. In this 
way the device can be configured to automatically power up 
and connect to a Bluetooth network when one is present, (for 
example to perform automatic synchronisation when the 
device is brought into proximity with a Bluetooth-enabled 
host computer system. 

Preferred embodiments of the electronic document reading 
device also include a main switch 506 configured to switch 
power on and off to the entire document reading device, 
including the part of the memory storing data representing a 
current state of the electrophoretic display, and the processor 
504. In embodiments this is used to switch off power to the 
entire device in response to detection that the battery 508 is 
low (this could happen after many months of use without 
recharging). The skilled person will understand that there are 
many different possible signal routes which could be 
employed—as illustrated with the charger 532 senses a con 
dition of the battery and provides a signal to the main CPU 
512 which either directly, or via processor 504, controls the 
main switch 506 off. However in other arrangements a 
charger 532 could directly control the main switch 506 off, or 
this control could be performed via a loop including proces 
sor 504 but not main CPU 512. The main switch 506 may be 
Switched on, for example, by detection of recharging of the 
electronic document reading device and/or by a USB power 
detect function provided by USB interface 530 which detects 
when power is available from the connected USB socket. In 
embodiments this power Source may additionally or alterna 
tively be employed to recharge battery 508. 

Referring now to FIG. 3b, this shows a flow diagram of a 
cold boot procedure employed by the power management 
architecture of FIG.3a. The procedure begins with no power 
at all applied to the CPU so that with power applied to part of 
the display memory (the part of the memory storing data 
representing a current state of the electrophoretic display) 
and, preferably at least part of the working memory. This part 
of the working memory preferably stores parameters for the 
operating system and/or part or all of the operating system 
itself. 
At step S550 power is applied to CPU 512 and the cold boot 

process begins, the CPU initialising the system clock (not 
shown in FIG. 3a for clarity), the SDRAM 526, the memory 
management and other elements of the system. The CPU 512 
then reads boot control data from the working memory or 
Flash to determine whether booting is in response to a par 
ticular user action and hence whether there is a previously 
saved State of the system or whether the system is performing 
an ab initio startup of a type employed when main switch 506 
is switched on (step S554). If the system is performing an ab 
initio cold boot then, at step S556 the system performs an ab 
initio startup including a self test, initialising the status of any 
stored documents, checking for software updates and the like. 
The procedure then continues to step S566, to await a user 
command. In preferred embodiments the ab initio boot pro 
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10 
cedure is used only when the device is first ever powered on or 
after an exception procedure, in particular when the battery 
has become discharged, reserving power entirely from the 
device, or in response to user operation of a (hidden) reset 
control. 
At step S557, in embodiments where power is maintained 

to the working memory (SDRAM), then the state of the 
device at previous shut-down may be resumed by trading 
device state data from the working memory. This device state 
data may comprise one or more of register settings, operating 
system parameters and the operating system itself. Where 
power is not maintained to the working memory, this data 
may be retrieved from the Flash memory. 

If the CPU 512 is performing a second type of cold boot, 
that is in response to a user action (which may include a 
connection to a USB interface or Bluetooth network) then at 
step S558 main CPU 512 selects a cold boot procedure depen 
dent on the user action and determines whether the desired 
action can be performed with only a limited portion of the 
operating system, which is desirable, if possible, for speed of 
response. A preferred operating system is Windows CER). If 
the main CPU 512 was switched on in response to a page turn 
or similar page manipulation gesture then, at step 560, the 
main CPU loads the relevant page data from flash memory 
524 and provides this to display controller 514 for display on 
electrophoretic display 32. In preferred embodiments this 
page data is stored in flash memory 524 in the form of image 
data which can be written to the display via the display con 
troller without substantial further processing. 

In general a page manipulation function may be performed 
by loading (only) a specific application to perform the desired 
function. In general in embodiments of the systems different 
functions of the device are performed by different applica 
tions which may be selectively loaded as required (by the user 
command causing the device to start up). In this way the effect 
of latency of a cold boot start prior to performing a user 
specified action may be reduced. A similar procedure is per 
formed at step S564 in response to other user actions, for 
example connecting power to the device after which it may 
simply wait for further user input. 

If the cold boot of main CPU 512 was performed in 
response to a USB or Bluetooth wake signal then, step S562, 
in embodiments a USB or Bluetooth communications module 
is loaded and a data transfer procedure is started, typically to 
retrieve one or more documents or portions of documents 
from another computing device, for example a desktop or 
laptop computer system, PDA, mobile phone or any other 
type of processor-driven device. Optionally the synchronisa 
tion may include sending data back to the other computing 
device, for example annotation data for a displayed page 
captured by stylus sensor 520. 
Once the main CPU has been turned on it preferably waits 

for a period in an idle State for any further user input/com 
mands (S.566). This helps to improve the user experience by 
reducing the number of cold boot start-ups where, for 
example, a user is performing a sequence of actions. If no 
further user input is received then, at step S568, the CPU 512 
instructs processor 504 to turn off power to the CPU 512, to 
shut the document reader down. Prior to powering off the 
CPU the system writes the aforementioned device state data 
to the working memory (if power to this is being maintained) 
and/or to the Flash memory, thus performing a controlled 
shut-down. 
The skilled person will understand that an electronic docu 

ment reading device, with which embodiments of the inven 
tion may advantageously be employed, may optionally be 
used for writing as well as reading, for example to annotate a 
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page which is being read. A displayed document may include, 
for example, pictures, music and in general any material 
which may be printed to a page. 
No doubt many other effective alternatives will occur to the 

skilled person. It will be understood that the invention is not 
limited to the described embodiments and encompasses 
modifications apparent to those skilled in the art lying within 
the spirit and scope of the claims appended hereto. 

The invention claimed is: 
1. An electronic document reading device with an electro 

phoretic display, the electronic document reading device 
comprising: 

a main processor to control display of information on said 
display; and 

a secondary processor to process data from one or more 
user input devices, said secondary processor being 
coupled to said main processor, 

a battery to provide power to said main processor and to 
said secondary processor, and 

a first controllable switch coupled between said battery and 
said main processor and having a control line coupled to 
said secondary processor, said first controllable Switch 
being configured to Switch power from said battery to 
said main processor whilst said secondary processor is 
powered; 

a display driver for said electrophoretic display, said dis 
play driver having associated memory to store data for 
displaying on said electrophoretic display, wherein said 
associated memory includes a first portion of the 
memory to store data representing a current state of the 
electrophoretic display and a second portion of the 
memory which does not store data representing the cur 
rent state of the electrophoretic display; 

a further controllable switch coupled between said battery 
and said first controllable switch to switch power to said 
first controllable switch; and 

wherein, in an operational mode: 
said secondary processor is configured to detect a user 

input and, responsive to said detection, to control said 
Switch to turn on a power Supply from said battery to said 
main processor, 

said main processor is configured to perform a cold boot 
responsive to said turning on of said power and then to 
perform an action in accordance with said detected user 
input, and wherein said electronic document reading 
device is configured to control said first controllable 
Switch to turn off said power Supply to said main pro 
cessor, said display driver and said second portion of the 
memory after said action has been performed and to 
control said further controllable switch to switch off 
power to said first portion of the memory in response to 
detection that the battery is low. 

2. An electronic document reading device as claimed in 
claim 1 said further controllable switch is coupled between 
said battery and said first controllable switch to switch power 
to said first controllable switch; and wherein said secondary 
processor is configured to receive power from a junction 
between said first controllable switch and said further con 
trollable switch. 

3. An electronic document reading device as claimed in 
claim 2 wherein said further controllable switch has a control 
line coupled to said secondary processor to enable said main 
processor, via said secondary processor, to turn off said fur 
ther controllable switch. 

4. An electronic document reading device as claimed in 
claim 1 wherein said further controllable switch is coupled 
between said battery and said first controllable switch to 
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switch power to said first controllable switch; and wherein 
said secondary processor and said second portion of said 
associated memory are configured to receive power from a 
junction between said first controllable switch and said fur 
ther controllable switch. 

5. An electronic document reading device as claimed in 
claim 4 wherein said further controllable switch has a control 
line coupled to said secondary processor to enable said main 
processor, via said secondary processor, to turn off said fur 
ther controllable switch. 

6. An electronic document reading device as claimed in 
claim 1 wherein, when said first controllable switch is turned 
on, said secondary processor is configured to inform said 
main processor whether said cold boot should comprise anab 
initio start-up for said electronic document reading device. 

7. An electronic document reading device as claimed in 
claim 1 wherein said one or more user input devices include 
at least one further processor, coupled to said secondary pro 
cessor, to receive and process touch sensor user input. 

8. An electronic document reading device as claimed in 
claim 7 wherein said touch sensor user input includes at least 
a page turn gesture, and wherein said action performed by 
said main processor in response to said page turn gesture 
includes loading an image of at least part of a document page 
from non-volatile memory coupled to said main processor 
and outputting said image for display on said electrophoretic 
display. 

9. An electronic document reading device as claimed in 
claim 1 wherein different said actions, selected responsive to 
said detected user input, are performed by different separately 
loadable computer program code modules; and wherein said 
device is configured to selectively load a said code module for 
performing a selected said action following said cold boot. 

10. An electronic document reading device having a non 
Volatile display, the device comprising: 

a battery to provide power for said electronic document 
reading device, 

a main processor for controlling display of information on 
said device; 

a display controller coupled to said main processor and to 
said non-volatile display; 

volatile display memory coupled to one or both of said 
main processor and said display controller, said display 
memory being configured as a plurality of memory 
blocks, including a first memory block for storing data 
representing a current state of said electrophoretic dis 
play and at least one further memory block which does 
not store said data representing a current state; 

a secondary processor to provide a user interface to said 
device; 

a first controllable switch connected for control by said 
secondary processor, to Switch power from said battery 
to said main processor, to said display controller and to 
said at least one further memory block of said display 
memory; 

a second controllable switch coupled in series between said 
battery and said first controllable switch; 

wherein said secondary processor and said first memory 
block are configured to be powered from a connection 
between said first and second controllable switches; and 

wherein said second controllable switch switches off 
power to said first memory block in response to detec 
tion that the battery is low. 

11. A method of operating an electronic document reading 
device with a non-volatile display, a display driver to drive 
said display and memory to store data for displaying on said 
display, said memory associated with said driver and com 
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prising a first portion of the memory to store data representing 
a current state of the electrophoretic display and a second 
portion of the memory which does not store data representing 
the current state of the electrophoretic display; 

the method comprising: 
using a secondary processor to detect a touch sensor input 

from a user of said device, said touch sensor input iden 
tifying an action said user wishes the device to perform; 

controlling, using said secondary processor and a first con 
trollable Switch, a power Supply to a main processor of 
said device from an off state in which all power is 
removed from said main processor, said display driver 
and said second portion of said memory to a state in 
which power is applied to said main processor, said 
display driver and said second portion of said memory, 
in response to said touch sensor input detection; 

allowing said main processor to perform said action; and 
then 
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controlling said power Supply to said main processor, said 

display driver and said second portion of said memory 
back to said off state to remove all power from said main 
processor, said display driver and said second portion of 
said memory; and 

controlling, using a second controllable Switch, said power 
Supply to said first portion of said memory. 

12. A method as claimed in claim 11 wherein said power 
supply derives from a rechargeable battery, the method fur 
ther comprising: 

Switching off a power Supply, using said second control 
lable switch, to said entire device responsive to a 
detected state of said battery; 

providing information to said main processor from said 
secondary processor to enable said main processor to 
determine, when said main processor is started from said 
off state, if said device is starting from a state in which 
said power supply to said entire device was switched off. 
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